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Abstract— This paper reports a computational method to 
develop customized dual padding to be inserted at certain body 
parts with double low pressure areas. The results show that 
both custom made paddings can be created computationally. It 
is hope that the method can help occupational therapists to 
design padding that can exert the pressure close to the specific 
design pressure to the whole of the affected body part, which in 
turn offers an advantage for the healing process and the 
prevention of the formation of scar tissue due to burn injury. 
I. INTRODUCTION 
One of the common injuries caused by fire is burn. 
Managing burn injuries properly is important because they 
are common, painful and can result in disfiguring and 
disabling scarring, amputation of affected parts or death in 
severe cases. One of the low-cost burn injury treatments is 
by using pressure garment. Pressure garment is a medical 
garment that is used to prevent or reduce the formation of 
scars after burn injury. It works by replacing the role played 
by skin to apply pressure upon the body to ensure that the 
injured skin is replaced to its original state without scarring.  
A lot of studies have proved the effectiveness of the 
pressure garment therapy. However, the main obstacle for 
pressure garment therapy is how to construct a pressure 
garment that can exert a specific pressure on the wounded 
area for every individual patient. [1] [2] [3] have proposes a 
new method to develop a customized pressure garment for 
individual patient. 
Nevertheless, there are some areas along the body which 
have a concave or flat shape as shown in Figure 1, which 
prevent pressure from being delivered by the pressure 
garment. In this area, pressure garment alone cannot exert 
the required pressure and will need padding [4] [5] [6]. Yip 
et al. claimed that padding can help to reduce the formation 
of scar on a burn injury patient [7]. The padding can be 
inserted into such areas, to even out the radius of curvature 
causing a more even pressure distribution. The size and 
shape of the pad must be carefully determined. This would 
require modeling the mechanics of the forces applied in 
conjunction with the pressure distribution model. Najib et al. 
had developed a computational method to determine area 
with low pressure level and construct a customized padding 
for the area [8]. The developed procedure has been 
successful in determining the locations of the area. The 
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developed padding, when used in conjunction with the 
specifically generated pressure garment, can exert the 
specific design pressure on the location. The pressure that 
the padding and pressure garment applied together is close to 
the intended pressure.  
 
Figure 1. Cross section of calf. Concave area is located at the top left of 
the figure 
 
However, there is a concern about body parts with dual 
paddings. There are certain cases where body injuries need 
two padding pieces. Figure 2 shows an example of this type 
of case. Both areas will receive low level of pressure 




Figure 2. Area with dual padding 
II. THEORETICAL FRAMEWORK 
The mechanics of pressure delivery to the body by 
padding is shown in Figure 3. The tension in the pressure 
garment will press the padding in the radial direction, and 
the padding will exert pressure to the wounded body part. 
The pressure applied by the garment on the padding and by 
the padding on the body part is illustrated schematically in 
Figure 3.  
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If the resultant force exerted by the pressure garment to 
the padding due to the tension in the garment is F1, and the 
resultant force exerted by the padding to the wounded area is 
F2, then 
 











Figure 3.  The mechanics of pressure delivery by the padding 
 
Since F=PA, then (1) can be rewrite as; 
 
P1A1=P2A2          (2) 
 
where the pressure exerted by the pressure garment to the 
padding is P1 and the contact area of pressure garment and 
the padding is A1 whilst P2 is the pressure on the wounded 
area and A2 is the contact area between padding and 
wounded area. Thus, (2) can be written as: 
 
P1l1h1=P2l2h2         (3) 
 
where l1 is the contact length between pressure garment and 
padding and l2 is the contact length between padding and 
wounded body; whereas h1 and h2 are the width of the 
pressure garment and padding respectively. Since h1 is equal 
to h2 in a given body segment, then, (3) can be written as 
 
P1l1=P2l2         (4) 
 
Thus, pressure on the pressure garment can be determined 
by using the following formula. 
 
P2=P1l1/l2         (5) 
 
 P1 can be calculated using Laplace’s Law as explained 
by Salleh et al. (2011). 
III. DUAL PADDING MODEL DEVELOPMENT 
There are three main stages of dual padding design. The 
first step is to acquire patient’s body data, the second step is 
to develop the padding model and the third step is to 
separate both padding for production purposes.  
A. 3D body data acquisition 
The dimensional measuring of body parts with soft tissue 
is considered to be a difficult task [3] [8]. To overcome this 
problem, this research explores the possibility of using a 
novel 3D design and modeling approach to create a pressure 
garment that can exert the appropriate pressure on a 
wounded part of the body. 
The proposed method requires a digital image of the 
affected part of the body. Any suitable scanner could be used 
for this purpose. A portable, affordable and easy to use 
scanner would be preferred for burn units. However, for the 
purpose of this research, a body scanner available to the 
researchers, namely the [TC]2 NX12, a 3D horizontal type 
body scanner, was used to extract 3D (x, y, z coordinates) 
raw data of a subject’s body. The body scanner scans the 
object in layers in the horizontal plane.  The x and y 
coordinates, with z being the vertical axis, of a number of 
points are recorded to determine the boundary of each ‘layer’, 
which is then incremented by 1 cm until the whole object is 
completely scanned. The coordinates of the data can be 
obtained by converting the .wrl files into text files (.txt). The 
data are then exported to Matlab, and the 3D data are 
transformed to create a 3D point cloud to form a 3D human 
body model. A result from the 3D body scanner is shown in 
Figure 4. 
 
Figure 4. A complete 3D point cloud of a body   
B. 3D padding model development 
Specific pressure can be easily delivered if the shape of 
the area is a cylinder, since it has a similar radius of 
curvature at each level. However, the human body is not 
naturally cylindrical in shape, thus the pressure it receives 
varies depending on the radius of curvature of the point. By 
manipulating this phenomenon, the padding that will be 
developed must make the shape of the wounded area appear 
cylindrical.  
In order to do that, a circle was developed to surround 
the body area. Points of the circle must overlap the points on 
the body or be in their close vicinity. The radius and center 
of the circle can be calculated by finding the middle point of 
the longest chord. A chord can be drawn between any two of 
the n points on the circumference of the scanned body cross 
section, and the longest chord can be determined. The 
longest chord is taken as the diameter of the circle and the 
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If (dij)1 is the distance between points i and j of layer 1, and 
there are n-points in a layer, then all the distances in layer 1 



























A computer program was developed to determine the 
maximum distance in a given layer. This process is repeated 
for each layer to determine the longest chord and its middle 
point. The maximum distance will become the diameter 
while its middle point is the center of the circle. 
After both the center and the radius of the circle have been 
determined, the next step is to obtain the circle coordinate at 
same radial position; i.e. angle (α), as the body point. If the 
center of the circle is located at (x0, y0) at a given layer, then, 
based on Figure 5, the location of the circle (xc, yc) is: 
 
xc=x0+rmax*cos(α)        (6) 
 
yc=y0+rmax*sin(α)        (7) 
 








−−=α            (8) 
 
where xb and yb is coordinate of the body point and rmax is 
the maximum radius.  
 
Figure 5. Coordinate of the circle and body 
  
After all the circle coordinates were obtained, as shown in 
Figure 6, the distance differences (δ) between the body and 
the circle points of each layer are calculated. These 
differences were then averaged to obtain distance difference 
average (δave). Thus, if rci is distance between center of the 
circle to circle point i, and rbi is distance between center of 
the circle to body point i, the distance difference is given by 
equation 9, and its average can be represent by the equation 
10 respectively; 
 










δ             (10) 
 
Any point on that layer that has δ greater than δave can be 
considered as padding points. Figure 6 shows an example of 




Figure 6. Cross section of a body part and the corresponding fitted circle 
C. Padding separation 
In order to separate the two padding pieces, the distance 
between two neighbouring points, di, in the same layer is 
calculated where;  
( ) ( )2121 −−+−−= iyiyixixid       (11) 
After that, the average of these distances, dave, was 







== 1             (12) 
The average distance was compared with the distance of 
each point from the points before and after. For example, for 
point n, the distances calculated were the distance between 
the point n-1 and point n (dn-1), and distance between point n 
and point n+1 (dn). If either one of these distances is bigger 
than the average of distance, it will be assumed to be the 
edge of the padding at the layer (refer Figure 7). 
 
Figure 7 Edge points at each layer (represents by blue points) 
When all the edges of the padding at each layer are 
known, they were used as guidance to separate the two 
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will be four edge points at each layer; two for padding 1 and 
another two for padding 2 (refer Figure 7). By using either 
points 1 and 3 or points 2 and 4, a straight line with the 
equation of y=mx+c was constructed. For example, as 
shown in Figure 8, point 2 and point 4 are used to separate 
the two paddings. A straight line was drawn from point 2 to 
point 4 and this line divided the padding into two.  
 
Figure 8 Straight lines across edge points 2 and 4 
y value of the linear equation (yle) was calculated by 
substituting x of the linear equation with coordinate x from 
the padding’s points (xpad). 
cpadmxley +=         (13) 
If the value of yle is smaller than value of coordinate y 
from the padding’s points (ypad), then the padding’s points 
belong to Padding 1. However if ypad is greater than yle, then 
the points belongs to Padding 2. The process is repeated to 
the next layer until all of the points were separated into two 
entities (refer Figures 9 and 10). After that, the next step is 
to construct the 3D padding model for each of them. The 
method used was detailed in [8].  
 




Figure 10 Padding 2 
IV. CONCLUSION 
This research has suggested a method to design dual 
customized padding for certain body areas that need it. The 
method involved creating a circle that envelopes the body 
area. Since the body itself is almost circular in shape, then 
the area which is not being covered closely by the circle can 
be assumed to be a low-pressure area requiring padding. By 
utilized a padding separation technique, both padding can be 
separated. Each of the padding can be constructed using 
method discussed in [8]. The advantage of the developed 
method is that it can model and construct customized 
padding for an area with dual low pressure. For future 
research, effort will be made to experimentally verify the 
model.  
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